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ABSTRACT 
 
Driving is a complex task that is highly reliant on attention.  Research states that distrac-
tions cause performance errors thus it is important to find ways to reduce driver distraction or 
assist drivers with ways to improve their cognitive resources if distraction is unavoidable.  
Moreover, research indicates that action video game players outperform non-players on lab-
based tests of visual and cognitive abilities. However, research also exists that is contrary to the-
se findings.  Some researchers suggest that methodological deficiencies could be the cause of the 
significant findings in the literature.  With such fervor of debate on the subject, the question re-
mains of whether players acquire skills through playing action video games and if so can these 
games be used as research or training tools to enhance performance on realistic tasks.  To answer 
this question, 45 male participants were tested using psychometric measures of spatial ability 
(Spatial orientation and visualization) and failures of attention (Cognitive Failures Question-
naire), and then all participants drove four 10-minute drives in a driving simulator.  The first 
drive was a practice, followed by a control drive. Participants were then distracted using a hands 
free phone conversation. Following that, participants completed a final control drive.  Both over-
all video game experience and action video game experience was positively related to higher 
spatial ability scores.  Additionally, participants with higher action game experience exhibited 
fewer lane deviations during driving overall, but not during the distraction condition.  On the 
other hand, participants with higher spatial ability scores exhibited fewer lane deviations during 
the distraction condition, but not during the control drives.  Furthermore, action video game ex-
perience was not significant on the Cognitive Failures Questionnaire.  Therefore, it was conclud-
ed that individuals who have higher action game experience do not show improvements on any 
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abilities of attention tested in this study.  However, higher experience action video game players 
may perform better in simulated environments than those with less experience. 
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CHAPTER ONE: INTRODUCTION 
 
Researchers have been studying human attention since the days of William James (1890).  
Throughout this time, researchers have discovered that attention is a limited resource and thus 
humans can only attend to a limited number of items at one time (Regan, Young, & Lee, 2009). 
When multiple items are present, an individual must select which items to allocate his or her at-
tention.  This process occurs as both a bottom-up and top-down process. Bottom-up processes 
are stimulus driven where characteristics of the signal such as color or intensity affect the salien-
cy of the stimulus.  Top-down processes utilize memories and experiences to determine if a 
stimulus is important or not (Parasuraman & Davies, 1984; Pashler, 1998).  An example of bot-
tom-up processes is focusing on a light along the highway because it is the most salient object 
present, which has been a hypothesis of some late night traffic accidents (Wallace, 2003).  An 
example of top down processes is shown by experienced drivers.  As drivers, learn where haz-
ards occur around their vehicle, eye movements become concentrated toward the center of the 
visual field and around potential hazards, instead of randomly around the visual scene (Wallace, 
2003).   
 
Driving is a complex multifaceted activity composed of many subtasks (cognitive, visual, 
auditory, and manual) and as such it is one of the most complicated tasks that humans typically 
perform (Gentzler & Smither, 2012; GHSA, 2011, Regan, et al., 2009).  Research on driving 
safety has existed for at least 55 years, with an emphasis on the attentional demands of driving.  
Studies have also emphasized ways distraction can negatively affect performance (Buck, 1957; 
Lee, 2008).  In the last 30 years, researchers have focused on the impairment associated with 
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specific devices that drivers may use while operating a vehicle (Lee, 2008).  The consensus is 
that the resources needed to complete multiple driving-related tasks are limited and as additional 
tasks such as phone, conversations are introduced, driving performance declines (GHSA, 2011; 
Regan, et al., 2009).  
 
The topic of distracted driving and mobile phone use has increased in importance in re-
cent years as owning a mobile phone has become more pervasive in society (Palen, Salzman, & 
Youngs, 2000).  A number of recent studies have investigated the effects of driving while using 
mobile phones (Caird, Willness, Steel, & Scialfa, 2008; Strayer & Johnston, 2001; Strayer & 
Drews, 2007).  An additional meta-analysis of over 47 driving studies provides evidence for the 
deleterious effects of this type of distraction (Horrey & Wickens, 2006).  Madden and Rainie 
(2010) surveyed 2,252 adults age 18 and over and 75% of the respondents reported using a 
phone while driving.  Another survey of 6,002 adults over the age of 18 indicated that 66% of 
those respondents would answer an incoming phone call and continue to drive as opposed to 
stopping to answer the call or declining the call. Seo and Torabi (2003) surveyed about 1,185 
college students, 86% of whom had mobile phones and reported that they talked on their phones 
while driving.  Of these respondents, over half reported having an automobile crash or near miss 
in which at least one of the drivers was talking on a phone at the time of the crash.   
 
 The accumulation of this research illustrates the need for driver interventions to help re-
duce the crash rate of drivers distracted by mobile phone use.  A study by Walsh, White, Hyde, 
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& Watson (2008), conducted five years after the previous work by Seo and Torabi, also showed 
similar results.   
  Legislative interventions aimed at controlling or banning the use of mobile phones while 
driving have fallen short.  As of April 2011, not a single state had banned all mobile phone use 
unequivocally for noncommercial drivers (GHSA, 2011).  However, even a complete ban may 
not eliminate the phenomenon of mobile use while driving. 
 
A lack of attentional resources has been cited as the reason for distraction (Strayer, 2001; 
Strayer & Drews, 2006; Horrey & Wickens, 2003).  In order to find interventions that will re-
duce crash risk in spite of unchanging phone use, it is perhaps helpful to look at expert popula-
tions who may possess certain skills that improve their abilities in attention-demanding tasks 
(Green & Bavelier, 2006; Bavelier, 2011).  One such population is action video game (AVG) 
players.  Studies have shown that people who play action games are more likely to perform both 
divided and selective tasks of attention better than non-players (Green & Bavelier, 2003; 2006).  
The researchers claim that AVGs require heightened attentional skills and that these skills can 
transfer to activities performed outside of the game (Green & Bavelier, 2003; 2006).  At the cen-
ter of this claim is the observation that AVG players have more cognitive resources, which may 
ameliorate effects of phone-induced distractions while driving (Green & Bavelier, 2003).  How-
ever, additional studies have shown data, which are contradictory to the claim that both playing 
AVGs have an effect on attention, and that positive skill transfer can be achieved through their 
use.  Both methodological and self-selection issues have been raised in regards to the action 
game literature (Boot, Kramer, Simons, Fabiani, & Gratton, 2008; Boot, Blakely, & Simons, 
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2011).  Therefore several questions remain.  Primarily, are AVG players better due to a skill ac-
quired through gameplay, or are the skills a result of a trait that increases the likelihood that indi-
viduals play AVGs?  Secondarily, in spite of the incongruous results do these skills transfer to 
increased performance while driving an automobile? 
 
Within the United States, there is a large population of people who already play video 
games.  The Entertainment Software Association (ESA, 2010) claims that over 66% of all Amer-
icans play video games and that the sales of software generated over $10.5 billion in 2009.  In 
addition, playing video games is not limited to one age group.  The average player is 34 years old 
and 26% of people over age 50 play games.  Both sexes play games with over 40% of players 
being female.  In addition, of all the games sold in 2009, 38% were action games (ESA, 2010). 
 
  Therefore, if skill improvements are due to gameplay and are transferrable to other tasks 
then researchers may be able to incorporate such benefits of game play to increase existing train-
ing.  Kato, (2010), and McKay and Maki (2010), have suggested that video games are useful for 
educational purposes; by increasing motivation and adherence to training compared to traditional 
classroom methods. 
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CHAPTER TWO: LITERATURE REVIEW 
 
Information Processing 
 
 Wickens and Hollands (2000) outlined one model of human information processing.  
This model has five main stages (sensory processing, perception, response selection, response 
execution, and feedback).  First, sensory receptors transduce stimuli into neural activity that is 
sent to the brain for processing (Green, Allen, Abrams, & Weintraub, 2008).  This stage of pro-
cessing includes an initial short-term sensory store in which the sensory information is held 
briefly (as short as a half of a second) before it moves onto the processing stage (e.g., Sperling, 
1960).  The second stage is perception, during which it is theorized that the raw sensory infor-
mation is organized into a meaningful percept.  This processing is automatic and sensory infor-
mation takes no effort to process (Wickens & Hollands, 2000).  Once perception occurs, the in-
formation is held in working memory for as long as the individual uses attention to keep it active.  
The next stage is response selection; where decisions are made based on the information.  How-
ever, before this can happen an understanding of the situation must be achieved (Endsley, 1995; 
Wickens & Hollands, 2000).  In this stage, the individual must recall information from long-term 
storage into working memory, make a decision, and execute the response.  Finally, the results of 
the action are perceived, providing potential feedback for guiding a corrective action.  Attention 
is required at the key stages of perception, response selection, and feedback processing (Wickens 
& Hollands, 2000, but see also Saunders & Knill, 2003) Failures of attention may lead to a fail-
ure to encode information about the environment, inappropriate response selection, inaccurate 
responses, or failure to correct ineffective responses. 
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Attention 
 
Attention is the process of exerting effort in order to process stimuli in one’s environment 
and there are several types or attention.  First, sustained attention is the ability to attend to a 
stimulus over a period of time (Parasuraman & Davies, 1984).  Second, selective attention is the 
ability to choose stimuli which to attend, while ignoring others.  Finally, divided attention is the 
process of attending to two or more stimuli (Parasuraman & Davies, 1984; Pashler, 1998). 
 
Capacity Model of Attention 
 
Currently, there are several types of theories of attention: capacity theory models and bot-
tleneck theory models.  Capacity models hold that attention is limited by capacity and there is a 
central reserve of resources, for which attention-driven activities compete. Each task may require 
a certain amount of resources and we can allocate resources to complete these tasks.  Perfor-
mance decrements occur when insufficient resources are allocated to a task (Kahneman, 1973).   
 
Bottleneck Theory of Attention 
 
 Bottleneck metaphors of attention stem from the idea that information processing is serial 
and can only proceed by processing a single or limited number of tasks at once.  Competing the-
ories suggest the bottleneck occurs after sensory processing (Deutsch, 1963). In this case, stimuli 
can be processed in parallel but choosing among multiple responses is a serial task that increases 
in duration as a function of decision complexity. The Central Bottleneck theory proposed by 
Wellford (1967) used dual task methods to measure the psychological refractory period during 
which information processing is delayed. Pashler, Johnston, & Ruthruff (2001) noted, however 
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that practice can reduce the duration of certain processing stages, which may reduce the bottle-
neck effect. 
 
Automatic and Controlled Attentional Processes 
 
Human performance depends on two attentional processes.  These two processes directly 
affect an individual’s attentional capacity to complete tasks.  Schneider and Shiffrin (1977) orig-
inated the two-process theory defining that processing can be either automatic or controlled. 
Automatic processing tasks are effortless.  These tasks do not require any attentional re-
sources.  Examples of these tasks are breathing, chewing gum, and performing a well learned 
task.  These tasks can be learned automatically through extensive training and they require con-
stant responses to stimuli at every occurrence of the stimuli.  Automatic processing is unaffected 
by distracters, memory, or limits of attentional or cognitive capacities. These processes are faster 
than controlled processes.  However, these processes are also difficult to suppress, alter, ignore, 
or suppress once they are learned to the point of automaticity (Fisk & Schneider, 1981; Schnei-
der & Shiffrin, 1977).  
 Controlled processes are not automatic; they require access to working memory, attention 
and other cognitive resources.  These tasks are serial and slow; distractions can greatly impair 
these tasks since they are capacity limited and require effort.  These processes can be ones that 
are not extensively trained or novel tasks, or they can be tasks that are very complex that they 
cannot be automated.  Controlled tasks are also easily altered, reversed, established by an indi-
vidual (Fisk & Schneider, 1981; Schneider & Shiffrin, 1977).  Decrements in performance are 
expected in tasks that use control processes but not automatic processes.  A person can walk and 
8 
 
chew gum at the same time since they involve automatic processes however, a person cannot 
walk and operate a phone or a computer at the same time without decrement since they involve 
more controlled tasks.  Vigilance researchers Fisk and Schneider (1981) showed that tasks that 
are controlled can become automatic while decreasing performance decrements.  The authors 
increased practice and used a constantly mapped stimulus, which made participants automate the 
task, and they performed better than participants who were not able to develop such automatic 
processes.  However, creating an automatic task cannot be done with every task and such train-
ing task takes a high amount of practice.   
 
Data Limited and Resource Limited Processes 
 
Norman and Bobrow (1975) created a similar framework to Schneider and Shiffrin 
(1977); however, they take more of a systems approach, labeling tasks as either resource limited 
or data limited.  This model describes tasks by the mechanism that limits processing of the task.  
A data limited task is one in which performance on the task is limited by the quality or quantity 
of data available to complete the task.  For tasks that are categorized, as data limited, no amount 
of cognitive resources will compensate for a lack of data to complete the task; performance is 
thus independent of processing (Norman & Bobrow, 1975).  For example, data can be limited by 
the quality of the signal.  In these cases, noise in the environment can lower the probability that a 
signal can be detected.  In these situations, performance can gradually decline as the data to 
complete the task becomes degraded.  This process affects the sensory processing stage of in-
formation processing directly by preventing a stimulus from being detected.  Resource limited 
tasks do not depend on the data but on the amount of cognitive resources available to process the 
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information.  These tasks are similar to controlled processes in so far that tasks can interfere with 
each other and decreased performance is due to a lack of resources.  These can typically be un-
learned/practiced or novel tasks.  Failures of resource-limited tasks are not gradual but cata-
strophic.   
 
Failures of Attention 
 
Attention is required for cognitive processing and decision-making and failures of atten-
tion can cause two main effects.  The first being increased cognitive workload, which lowers the 
individual’s ability to performing controlled processing tasks.  The second is lowered situational 
awareness, which decreases an individual’s ability to remain aware of their surroundings (Ends-
ley, 1995; Wickens and Hollands, 2000).  All of the prior information regarding information pro-
cessing and attention is important.  Not one model can explain every failure of attention howev-
er, aspects of each model can be used to describe actual human performance and account for be-
havior and performance completing a task under different workload conditions. 
 
Increased cognitive workload. 
 
Automatic tasks use little or effort and it is the controlled tasks that both utilize cognitive 
resources and can be impaired by a lack of cognitive resources (Fisk & Schneider, 1981; Schnei-
der & Shiffrin, 1977).  Kahneman (1973) described attention as a function of supply and de-
mand.  The overall capacity of attention is affected by both the supply and demand for cognitive 
resources.  If the capacity exceeds the demands of the individual, then there is a space capacity 
that can be used for other controlled processing tasks, however, if the demand exceeds the supply 
then all controlled tasks suffer.  Thus, failures of attention cause increased cognitive workload. 
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Decreased situational awareness. 
 
Situational Awareness (SA) is an individual’s ability to understand what is happening in 
the environment around them and which information is necessary for decision-making (Endsley, 
1995).  Endsley (1995) created a model of SA that contains three levels of awareness in which 
the next level is built upon the foundation of the preceding level.  Therefore, an individual would 
need to obtain a formative level before they progress to a higher level.  Additionally, these levels 
need to be obtained before a decision can be made or an action can be executed.  Therefore, the 
theory occurs in the first or second stages (sensory input and cognitive processing) of informa-
tional processing and is highly reliant on attention and cognitive resources.  SA is also affected 
by factors such as expectations from top down processing as well as abilities, expertise and train-
ing.  It is easier to obtain higher levels of SA for tasks that have been learned to the point of au-
tomaticity.  Working memory is needed to obtain higher levels of SA since new information 
about the environment must be combined with previous information to lead to a complete picture 
and future awareness.  Therefore SA is limited by attentional capacity, long-term memory stores, 
and other cognitive resources.  By obtaining full SA, one can understand the factors in the envi-
ronment that are relevant for the task and are able to make better decisions based on that infor-
mation.  In this way is task specific therefore, the steps to obtain SA is different for different 
tasks such as for controlled vs. automatic tasks.  Additionally, since SA is dependent on atten-
tional factors failures of attention will decrease the likeliness that an individual can maintain a 
working mental model of its environment.  
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The Task of Driving 
 
Since driving is a complex task, it is comprised by many subordinate tasks, which place 
considerable stresses on human visual, cognitive, motor, and auditory sensory abilities (Gentzler 
& Smither, 2012; GHSA, 2011; Groeger, 2000).  Some of these tasks can be automated similar 
to Fisk and Schneider (1981), therefore performance on these tasks improve with practice and 
experience, which allows the driver to have more resources for the other driving tasks.  This is 
one reason that inexperienced drivers, such as younger adults, have crash risks that greatly ex-
ceed older, more experienced, drivers and this crash risk declines as a function of time and driv-
ing experience (Mayhew, Simpson, & Pak, 2003).  Morgan and Hancock (2009) stated that 90% 
of estimations, such as avoiding obstacles and navigating ones vehicle, are automatic tasks.  
However, other tasks are more complex and dynamic (Regan et al., 2009).   
  
 The visual tasks of driving may be one of the most important tasks since successful driv-
ing requires the driver to remain in his or her lane, maintain a safe distance from other vehicles, 
avoid obstacles, read and respond to traffic signs, and read his or her own vehicle's gauges to 
maintain speed (Groeger, 2000).  The cognitive tasks of driving are also very important.  Drivers’ 
have to estimate safe distances between vehicles, time to collision, decide the best way to re-
spond to the behavior of other vehicles and hazards.  Drivers also have to decide when to refill 
their cars, how fast to drive, remember the rules of the road, how to operate the vehicle and other 
tasks (Groeger, 2000).  The manual tasks of driving include the manual dexterity and physical 
strength of handling the controls, turing the key, shifting, steering, and accelerating the vehicle, 
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adjusting the mirrors, seat and other settings, turning one’s body (torso, neck, and head) to look 
around the vehicle (Groeger, 2000; Horrey & Wickens, 2006).  Unlike visual and cognitive tasks, 
manual or motor tasks have to be done at specific times during vehicle operation, which the ex-
ception of keeping hands on the wheel to steer the vehicle and keeping ones feet on the accelera-
tor and ready to shift to the brakes and/or clutch (GHSA, 2011; Groeger, 2000).  However, this 
does not mean that manual tasks are unimportant.  Lack of muscle strength and range of motion, 
which increases the difficulty of manual driving tasks are a cause of accidents of older drivers 
(Gentzler & Smither, 2012; Romoser & Fisher, 2009).  Driving also, has a rich auditory compo-
nent.  Auditory tasks include hearing sirens from emergency vehicles and noticing vehicle haz-
ards such as the wearing tires or brake pads (De Lorenzo & Eilers, 1991; Park & Choi, 2007).  
Tasks can also involve multiple sensory modalities depending on the complexity of the task. One 
such example of this is stimuli identification and orientating responses due to hazards (Groeger, 
2000).   
 
Driving and Distraction 
 
Driving is a process that most people find simple, however individuals underestimate the 
many complex tasks that are required to perform driving safely (Morgan & Hancock, 2009).  
Therefore, performing concurrent tasks is a dangerous activity that is performed regularly.  Driv-
ing is a complex visually demanding task that is prone to interference from tasks that split driv-
ers’ attentional resources such as performing secondary tasks while driving (Atchley & Dressel, 
2004).  Two studies have analyzed specific causes of traffic accidents.  First, a studied termed 
“The Indiana Study” completed database, survey, and full accident investigations in the 1970’s.  
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Secondly, Stutts, Reinfurt, Staplin, & Rodgman (2001) analyzed data based on accident reports 
using the national databases of crash statistics to obtain a representative sample of accidents in a 
given year (Wallace, 2003).  Both of these studies indicated that driver distraction was a serious 
cause of accidents (Wallace, 2003).  Later research showed that driver distraction contributes to 
about 25% of all crashes (NHTSA, 2010; Stutts et al., 2001).  This data is further compounded 
by the fact that as of 2009, on average, there are 13 million vehicles on the roadways at any giv-
en time in the United States (NHTSA, 2010). 
Distractions while driving can take four forms visual, manual, auditory, or cognitive 
(GHSA, 2011).  Visual distractions shift a driver’s eyes from the road.  This is especially dan-
gerous since durations of off-road glances longer than two seconds more than double one’s crash 
risk (Klauer, Dingus, Neale, Sudweeks, & Ramsey, 2006).  Manual distractions are distractions 
that come from a driver taking his or her hands off the wheel such as reaching for objects in the 
car (GHSA, 2011).  Cognitive distractions come from dividing or focusing attentional resources 
to a task other than driving such as the distraction that comes with talking to a passenger or con-
versing on a wireless phone (GHSA, 2011; Strayer & Drews, 2003; Strayer & Drews, 2009).  
  
Sources of In-Vehicle Distractions 
 
In-vehicle, distractions occur inside the vehicle and the following are examples:  Wireless 
phones (conversation, text messaging, using menus etc…), GPS devices, vehicle information 
systems, consuming edible items (food & drink), radio tuning, Ipods, passengers and others.  For 
example, an individual using a wireless phones while driving consists of all four types of distrac-
tion.  This is due to the process required to use a phone.  A driver has to first pick up the phone, 
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and then look at the screen to dial a number.  Furthermore, throughout the conversation the driv-
er has to think about the conversation.  Whereas if the driver used a hands-free system, the dis-
traction would only consist of an auditory and cognitive distraction since it removes the first two 
steps.  However, doing so may increase cognitive distractions because this form of automation 
shifts the work from physical (picking up the phone) to cognitive (remembering the process to 
place a call based on the hand free system) (Strayer & Drews, 2003; Stutts et al., 2001; Wallace, 
2003).  Manual tasks of driving include using vehicle controls, and turning ones’ head, torso, or 
neck to look around the vehicle (Groeger, 2000).  Visual tasks of driving include navigating the 
driving environment, scanning the environment for hazards, and estimating time to collisions 
(GHSA, 2011).  Cognitive tasks of driving include using attention to process visual and other 
input, from the perceptual and sensory systems, avoiding hazards, and maintaining situational 
awareness of the driving environment (GHSA, 2011, Groeger, 2000).  The auditory tasks of driv-
ing include listening for environmental and vehicle cues that would signal a hazard (GHSA, 
2011, Groeger, 2000).  Together these tasks form the cohesive complex task that is simply re-
ferred to as driving.  Driving is a dynamic, controlled task and when any one or more of these 
subtasks are interfered with it distracts the driver and interferes with a person’s ability to com-
plete the associated driving task which in turn can lead to driving errors, crashes, and other dan-
gerous consequences (GHSA, 2011; Regan et al., 2009).    
 
Wireless phone distractions.  
 
 Wireless phones serve as both visual and cognitive distractions and when used while 
driving can severely degrade driving performance (Barkana, Zadok, Morad, & Avni, 2004; 
Beede & Kass, 2006; Klauer et al., 2006). These phones can also at times be a manual distraction 
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when a driver picks it up, uses the menus, or otherwise interacts with it using the tactile senses.  
Drivers self-report that when they use their phone while driving their chances of crashing in-
creases (Klauer et al., 2006; NHTSA, 2010).  As of 2009, on average, there are about 13 million 
vehicles on the road at any given time in the United States, of which approximately 672,000 of 
those vehicle drivers use wireless phones while driving (NHTSA, 2010).  Therefore, many driv-
ers are at risk for having fatal crashes due to driver distraction.  Many of these crashes could pos-
sibly be prevented. 
  Phone use is one such task that forces drivers to split their attentional resources between 
the phone conversation and driving.  The phone conversation often takes priority over the prima-
ry driving task (GHSA, 2011; NHTSA, 2010; Regan et al., 2009).  When simultaneously engag-
ing in conversation on a wireless phone and driving, people are much less likely to encode visual 
information (Strayer & Drews, 2007).  As such, drivers are less aware of their surroundings.  Be-
cause of this, drivers using phones miss traffic signals and when they detect them, they react to 
them more slowly.  In several studies, drivers either had delayed response in braking or kept the 
brake pedal depressed longer than drivers who were not engaged in phone conversations (Strayer 
& Johnston, 2001; Strayer, Drews, & Johnston, 2003).  McCarley et al. (2004) found that during 
a naturalistic conversation it was harder for people to detect changes in their environment.   
 
Hand-held vs. hands free driving. 
 
  These results were also found for drivers regardless of whether the drivers used a hands 
free device during the conversation during conversations or held the phone manually. This oc-
curs since the conversations themselves are a source of cognitive distraction even when the visu-
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al and manual parts of the wireless phone task are eliminated.  Since the drivers actively divert 
attention from the task of driving and the external environment to engage in the phone task, driv-
ers may physically see a hazard in the environment, but not have the cognitive resources to un-
derstand that it poses a danger (Strayer & Johnston, 2001; Strayer & Drews, 2007; Caird, Will-
ness, Steel, & Scialfa, 2008).   
 
Existing Methods to Mitigate Distraction  
Several methods have been explored to minimize the distraction of in-vehicle technology 
on the driver.  First, legislative measures have been enacted to prevent device use by automobile 
drivers.  Approximately 40 countries have bans on handheld phone use while driving (Regan et 
al., 2009).  In the United States, laws vary from state to state.  Eight states have banned all 
handheld phone use and 28 states have banned hand-held cell phone use by novice drivers.  As of 
April 2011, not a single state banned all cell phone use unequivocally (GHSA, 2011).  Most laws 
focus on banning handheld use even though research shows that using hands free devices may be 
just as distracting as using a hand held phone (Barkana et al., 2004; Strayer & Johnston, 2001; 
Strayer & Drews, 2007; Caird et al., 2008).  Since laws do not ban hands-free phone use or other 
dangerous distractions in cars, drivers may believe some distractions are not as dangerous as oth-
ers are. 
Secondly, in-vehicle technology such as automation is also being explored.  Automation 
is any task that takes a task that a human can perform and allocates it to a machine to perform 
instead (Parasuraman & Mouloua, 1996).  Automobile manufacturers are implementing forms of 
both static (fixed) and adaptive (dynamic) automation into vehicles in order to provide real-time 
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distraction counter measures to mitigate the effects of distracted driving.  Regardless of the type 
of automation, they have the ability to both reduce and increase workload in the driving task.  
Although these systems are helpful and have been proven to decrease crashes by giving driver’s 
more time to react in a difficult situation there are some disadvantages.  The systems may be 
pricey or restricted in their deployment.  Only newer cars would receive these systems making 
their deployment longer-term solution.  These systems may also have false alarms, which may be 
distracting to the driver.  Parasuraman and Mouloua (1996) stated that system reliability of au-
tomated systems can mediate both workload and awareness of the environment while using the 
system.  This indicates that false alarms can increase the workload and may increase the atten-
tional demands on the driver (Parasuraman & Mouloua, 1996).  Furthermore, these systems, in 
most cases, still rely on the driver to take action to avoid the collision and if the driver is suffi-
ciently distracted, the driver may not prevent the collision.  Finally, without proper training, the 
driver may not know how to react to the warning if one is triggered.  These drivers may overre-
act, or not react at all.  In extreme cases, the automated systems may cause the driver to lose con-
trol of the automobile (Veeramallu, 2000).  Due to these issues, training may be an option to re-
duce distraction.  The existing literature describes several programs designed to promote and im-
prove driver’s skills and performance.  Regan et al., (2009) state that most of these educational 
programs do not incorporate training to reduce distraction while driving, therefore most drivers 
do not understand what distractions exist and how to reduce their effects.  The authors’ estimate 
that training programs that focused on mitigating distraction, those programs may improve driver 
performance (Regan et al., 2009).  Research with older adults show that training programs that 
help improve useful field of view (UFOV) will may increase driving performance and ten one 
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hour sessions may provide enhancements for more than one year (McKay & Maki, 2010).  
UFOV is a speed of processing test that requires an individual to detect objects under conditions 
of increasingly difficulty such as shorter display times of stimuli which can be presented on 
screen for as little as  17ms and  as long as 500ms (McKay & Maki, 2010).  Test objects are 
shown uniformly across the visual field including the periphery to test processing speed, and spa-
tial attention (Roenker, Cissell, Ball, Wadley, & Edwards, 2003).  Lower scores on the UFOV 
indicate a lower functional field of view and possibly unsafe drivers (Underwood, Phelps, 
Wright, Van Loon, & Galpin, 2005).  Reasons for lower UFOV test scores ability to indicate un-
safe drivers come from the idea that driving benefits from increased processing abilities and re-
search performed with older drivers that showed that UFOV scores correlated with driving 
crashes (Ball et al., 2002).  
 
McKay and Maki (2010) have also suggested that video games could be added to driving 
training programs such as the UFOV to improve training adherence since these games can be 
rewarding and immersive.  For example, a person may be more willing to play a game rather 
than complete a traditional training program or in conjunction with the training program.  Video 
games, which are used and designed for these purposes, are called serious games and have been 
used in a wide variety of industries (Kato, 2010).  In these situations, the games are used strate-
gically to increase the motivation of the trainee or player; this prevents boredom from preventing 
completion of the training program (Kato, 2010).   
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Other researchers, have produced results that state merely playing the action games is 
enough to lead to dramatic improvements in spatial abilities, divided and sustained attention, vi-
sion , reaction time, and other measures (Achtman, Green, & Bavelier, 2008; Green & Bavelier, 
2003; Green & Bavelier, 2006; Dye, Green, & Bavelier,  2009a; Dye, Green, & Bavelier, 2009b; 
Durlach et al., 2009; Spence & Feng, 2010).  For example, some research as indicated those non-
gamers, who are trained to play action video games for as little as 10 hours may have improve-
ments in visual and spatial attention abilities such as on the useful field of view tests (Green & 
Bavelier, 2003).  These results suggest that AVGs may be extremely useful for driver training 
especially for those populations that already have low adherence rates such as older adults.  
McLaughlin, Gandy, Allaire, & Whitlock (2012) states that games can be further adapted to sup-
port this population.  However, more research with AVG players is needed to determine if these 
results will transfer to a driving task. 
 
Action Video Games 
McGonigal (2011) stated that games are activities that share four specific traits.  First, 
they must be goal driven with players trying to achieve a preferred outcome. Secondly, games all 
have a specific set of rules, which force the players to face challenges along the way to achieve 
the game’s goal. Thirdly, all games give players feedback on their progress, which gives players 
motivation to continue playing, and finally, all games require voluntary participation.  When 
players choose to play a game, they must accept the first three traits (goal, rules, and feedback).  
These traits hold for all games from low fidelity board games to fully immersive games in simu-
lated environments. Additionally, elements such as 3D graphics, a compelling story, achieve-
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ments, and multiplayer modes are used to increase motivation, immersion and overall increase 
playtime (McGonigal, 2011).  Action Video Games (AVGs) themselves are a subset of all video 
games.  These specific games are generally thought of as extraordinarily demanding of both vis-
ual and cognitive resources, usually requiring players to attend correctly to multiple stimuli sim-
ultaneously while navigating in a three dimensional virtual environment (Achtman et al., 2008; 
Bavelier , 2011; Bavelier, Green, & Dye 2010; Cherney, 2008; Chisholm, 2010; Dye et al., 
2009a; 2009b; Green & Bavelier, 2003; 2006; 2008; 2010).  Games that are generally thought of 
as action games and that have been used in research are Medal of Honor, Call of Duty, Mario 
Kart, Unreal Tournament, World of Warcraft, and others (Dye et al., 2009a; 2009b ; Durlach, 
Kring, & Bowen 2009; Green & Bavelier, 2003; 2006).  Mishra, Zinni, Bavelier, & Hillyard 
(2011) attributed AVG players’ skills to having an increased SA.  Researchers have also looked 
at both puzzle and racing games and have failed to see any differences on training interventions 
with these type of games (Spence & Feng, 2010).  One study by Sims and Mayer (2002) trained 
participants for 12 hours on the puzzle game Tetris.  The researchers gave participants both a pre 
and post measures and mental rotation.  The post training scores showed that the participants on-
ly showed improvements for those shapes that closely related Tetris pieces.   
 
Characteristics of action games. 
 
Action games have the following attributes that separate them from other genres of video 
games.  First, games must place heavy demands on player’s visual and attentional systems.  Ac-
tion games often require players to maintain visual and situational awareness of their environ-
ment, which includes monitoring both central and peripheral aspects of the visual scene.  Players 
21 
 
also are required to track objects around the screen while ignoring distracting input (selective 
attention) (Achtman et al., 2008).  Secondly, AVGs require players to achieve fast reaction times 
to unexpected events that are uncovered through monitoring the game environment (Achtman et 
al., 2008; Spence & Feng, 2010).  For example, if an enemy appears on screen players are ex-
pected to immediately locate the threat and respond to it to avoid negative consequences such as 
failure.  Thirdly, this genre requires coordinated hand eye movements in order to aim at small 
moving targets presented on screen during game play such as a faraway enemy (Achtman et al., 
2008).  Fourthly, AVGs require one to perform multiple tasks at the same time some of which 
compete for resources (divided attention).  For example, players may have to perform a spatial 
navigation task, an ambient vision task where players will need to read signs, heads up displays, 
or other stimuli at the same time.  Additionally, they have to complete a visual search task in or-
der to scan the environment, a tracking task to acquire moving targets, and a resource manage-
ment task to conserve health, ammo and other resources a game may require (Achtman et al., 
2008; Wickens, 2002).  Fifthly, the games must also have a large unrestricted environment for 
the player to explore.  Large 360-degree environments allow for a larger visual environment in 
which to search for threats.  This increases the difficulty of the visual search, navigation, and the 
targeting tasks of AVGs (Spence & Feng, 2010).  Additionally, as long as a game encompasses 
these criteria, it will have similar effects to the games specifically looked at by these researchers 
(Green & Bavelier, 2003; 2006; 2007).  Moreover, other characteristics that action games have 
are not only specific to their genre.  Games need to be challenging and rewarding to the player.  
This means that games should have different difficulty levels that players need to tailor to their 
skill levels or the game needs adapt to the players skill in order to be challenging.  It also means 
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that games should reward players for game success.  This is typically done by granting the player 
upgrades to equipment, better endings, or other in-game benefits (Achtman et al., 2008; Green & 
Bavelier, 2006; Spence & Feng 2010). 
 
Using the characteristics of action games Mane and Donchin (1989) created a research tool 
similar to an AVG.  Space Fortress was developed by cognitive psychologists for training and 
research purposes.  The purpose of Space Fortress was to create a task that is representative of 
real tasks in order to increase its transferability outside the game (Mane & Donchin, 1989).  Dur-
ing the task/game participants had to complete the following tasks: avoid mines and enemy 
weapons, navigate around the environment, attack the fortress, respond to unexpected events en-
emy or foes with a different response remember to use the correct weapons to destroy the for-
tress.  Additionally, players had to identify and destroy only enemy targets, manage resources of 
missiles in order to succeed, constant movement of the participants’ vessel, and obtain additional 
resources throughout the task.  The task is also challenging, the researchers stated that some par-
ticipants cannot complete the trials due to the task being too complex and difficult.  Additionally, 
while it was challenging it was also rated as enjoyable  by participants (some participants re-
quested to continue playing even after 40 hours of game play) (Donchin, 1995; Mane & 
Donchin, 1989).  This task does qualify as an action game, however, the main difference be-
tween this task and action video games created recently is the level of immersion in a 3D envi-
ronment due to differences in computer power and graphics ability that is available today vs. in 
1989 when the task was created (Donchin, 2005).     
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Evidence in support of action games 
 
Since both video games in general and action games have been highly researched, there is a 
large amount of data which suggests that they are useful  in driving research and in other areas to 
improve spatial abilities and other attentional resources (Green & Bavelier, 2003; 2006).  The 
research can be broken down into three categories, psychometric, neurological/physiological, 
and real-world evidence. 
 
Psychometric evidence. 
The first involves results on different psychometric or laboratory based tests.  Research in 
this area has found significant differences between AVG players and non-players on perceptual 
tests (Achtman et al., 2008; Chisholm, 2010; Green & Bavelier, 2003; Green & Bavelier, 2006; 
Dye et al., 2009b; Durlach et al., 2009; Spence & Feng, 2010).  Green and Bavelier (2006) per-
formed a study with 16 male participants who were either non-players or action game players.  
This study only used male participants due to lack of female action video game players.  In this 
study their criteria was a minimum of 3-4 days of play a week self-reported for 6-month period 
prior to the study.  In this study, the researchers used a visual search and target detection task 
(Green & Bavelier, 2006).  Participants had to discriminate a square or diamond shape from a 
triangle or trapezoid shapes, which were all light grey in color presented on a black background.  
In addition, target shapes that did not appear inside of a circular shape were distracters and repre-
sented an additional discrimination participants had to make.  Response times were measured by 
pressing a key when the target stimuli was displayed on screen and participants were given feed-
back and training prior to monitoring participants reaction time and percentage correct.  In this 
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experiment, the researchers suggest that video game experience correlates with faster reaction 
times and higher percentage of correct responses on this task (1% higher accuracy while being 
37ms faster).  The researchers also explain that the AVG player group continued to process the 
distracter stimuli dividing their attention even in the highest cognitive load condition instead of 
ignoring them (selective attention) indicating AVG players were better at allocating attentional 
resources between the tasks (Green & Bavelier, 2006). 
 
In a separate experiment by Green and Bavelier (2006), the researchers examined effects 
on Useful Field of View (UFOV) on AVGs vs. non-players.  In this experiment, 16 male partici-
pants were used.  Each of the participants rested their chin on a chin rest 22cm from a 24in 
screen, which was used for the UFOV test.  They reduced the stimulus size and presentation time 
since younger participants were expected to perform better on the test than older adults for which 
the test is mostly used.  Green and Bavelier (2006) found that in the no distractor UFOV condi-
tion the AVG player group had significant results (higher performance).  However, they did not 
find significance in this study in the distractor condition.  This may have been caused by a low-
ered effect size due to participants extended task experience.  The researchers did not counter 
balance the presence of a non-distractor and distractor condition.  In addition, this experience 
with feedback allowed participants to have task learning which also may have lowered power 
(Green & Bavelier, 2006).  
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Another study Green and Bavelier (2007) recruited 10 AVG players and non-players 
based on amount of play in the last 12 months and now long they played per week.  The criterion 
for the player group was a minimum 5 hours per week over the last 6 months and zero per week 
for the non-player condition.  All participants were shown a letter T, which was presented on 
screen for 100ms and the task, was to make a perceptual judgment of whether the position of the 
T was right side up or flipped on the horizontal axis.  The task was made more difficult by hav-
ing participants judge the target stimuli while having two-distractor letter T’s present on screen 
which could crowd the target T as well as well as varying the horizontal visual angle at either 0, 
10, or 30 degrees.  A follow up experimental study was conducted with both male and female 
non-players and were trained in an AVG however, the exact game was not specified.  Green and 
Bavelier (2007) concluded that the results of these studies indicated an increase in the spatial 
resolution of vision as measured by the visual task in both experiments.  This means that the 
AVG players and the group which was trained to play AVGs was better able to discriminate the 
target T as opposed to the non-player groups even when the target was crowded with multiple 
examples of the distractor T (Green & Bavelier (2007).   
 
Cain, Landau, & Shimamura (2012) explored differences between an action game player 
group and a non-player group.  The criteria for the player group was a self-rating of at least 5 out 
of 7 for game expertise and a minimum of 6 hours per week of self-reported play time with 
AVGs.  The non-player group was required to have played less than 2 hours per week and rated 
at least a two or lower on expertise.  The task used was a Flanker or an attentional task switching 
assessment task.  This task utilized four 85-trial experimental blocks and required the partici-
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pants to respond to the direction of a central arrow which was surrounded with two distractor ar-
rows that could be congruent (same direction) or incongruent (opposite direction) (Cain et al., 
2012).  The researchers used longer stimulus presentation times (1300ms) to prevent possible 
strategy differences between players and non-players.  The researchers also compared results on 
a lexical memory test to rule out any differences in intelligence between the groups.  The data 
from this study indicated that AVG Players had shorter reaction times to the task-switching task 
(Cain et al., 2012). 
 
Physiological evidence. 
The second type of evidence for performance differences come from neurological studies 
of either brain scans or measuring differences in neurotransmitter levels between gamers and 
non-gamers.  Schwenkreis, et al. (2007) found more activation in the somatasensory cortex in 
expert violin players as compared to non-players.  Past research in this area has dubbed the effect 
Training-Induced Cortical Plasticity, meaning that training can lead to more area devoted to that 
area in the cortex related to the area of practice.  Research with video game players has also been 
conducted on this phenomenon.  Saito, Mukawa, & Saito (2008) tracked brain activation to video 
games in general not specifically AVGs and utilized Othello (strategy board game), Tetris (Puz-
zle Game), and Space Invaders during play using fMRI.  The results of the study showed that the 
brain activation was positively related to the skills required to play the games.  Participants who 
played Tetris or Space Invaders, which required fast reaction times, showed activation in broad 
areas of the pre-motor cortex.  The results also showed that participants who played Othello, 
which required strategic skills, showed more activation in the pre-frontal cortex.  However, all of 
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the games achieved some activation in both right and left pre-frontal and pre-motor cortices as 
well as bilateral activation in the visual association cortex (Saito, et al. 2008).  In addition, other 
brain research has found that the more often neural pathways are used, the stronger the connec-
tions will be between them and the more likely they will be used again (Goldstein, 2010; Morris, 
1999).   
 
Players of AVGs may have to make use of not only strategic skills and react quickly, but 
complete more complex actions than the three test games in the Saito, et al.2008 study (Spence 
& Feng, 2010).  It follows that action game players would gain similar benefits to the overall 
video game findings and may increase them since AVGs are more demanding.  The requirements 
of the AVGs may also dictate which pathways that are strengthened over time such as the Train-
ing-Induced Cortical Plasticity effect seen in violin players.   
Research by Koepp, et al. (1998) shows that increased extracellular neurotransmission of 
dopamine in the ventral and dorsal striata of the brain may indicate an increased level of reward.  
In this study, participants were given PET-scans either while they played an action video game 
involving controlling a tank to destroy enemies and collect flags or while staring at a blank 
screen.  The results showed an increased level of extracellular dopamine even after 30 minutes 
after the game ended as compared with the baseline scan.  The levels of dopamine in the brain in 
the video game condition were similar to primate studies with injected amphetamine and 
methylphenidate.  The results also showed a significant positive correlation with game perfor-
mance and increased dopamine levels in the ventral striata.  The release of dopamine has been 
indicated to increase the salience of objects in ones’ environment and increase reward and moti-
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vation (Berridge & Robinson, 1998; Kapur, 2003).  Additional studies show that dopamine re-
lease plays a critical part in reward-based learning.  Furthermore, researchers have shown in-
creased activation of dopaminergic pathways and neurotransmitter synthesis during reward-
based learning (Beninger & Miller, 1998).  This indicates that the release of dopamine from 
playing video games may assist in the acquisition of skills from video games.  However, the 
games used for this research are not specifically action games therefore, these effects may be 
present in all video games and it may just increase players’ motivation and increase skill at play-
ing the games.     
 
Maclin, et al. (2011) studied how the brain changed through practice and play with the 
Space Fortress game.  In this study, 37 participants, with low video game experience and those 
who reported playing less than 3 hours a week for the last 2 years were given 20 hours of prac-
tice on Space Fortress.  Over the course of training participants improved game and secondary 
task performance.  The authors indicated that attentional resources were freed through automat-
ing some of the games sub tasks or development of increased attentional resource capacity 
(Maclin et al., 2011). 
 
Li et al. (2009) studied the effect of AVG training on contrast sensitivity function (CSF).  
CSF is the minimum amount of contrast that is required to resolve a specific sine wave grating as 
a function of spatial frequency (Applegate and Massof, 1975).  These researchers took non-
players, trained them for 50 hours over 9 weeks on Unreal Tournament 2004 and Call of Duty 2, 
and compared them to a control group who played a non-AVG (Li, Polat, Makous, & Bavelier, 
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2009).  The experimental group improved significantly over the control group at the CSF task 
used based on a pretest-posttest study design (Caplovitz & Kastner, 2009).   
 
Real world evidence for action games. 
The final type of evidence has been the hardest to see in research studies.  Real world ev-
idence would be the situations in which the video game skills transfer to another realistic task 
such as driving.  Real world studies are harder to complete than a psychometric evaluation of 
skills, however they are necessary to validate whether the skill improvements that have been 
shown on laboratory tests transfer to the real world (Durlach et al., 2009).  Schuster, Fincannon, 
Jentsch, Keebler, & Evans (2008) stated that higher video game experience is linked to increased 
route planning and execution skills, which rely heavily on spatial orientation and visualization 
skills.  These skills are useful for operators of unmanned vehicles.  This skill is thought to trans-
fer since both in video games and in unmanned vehicle operation the viewpoint of the individual 
is quite different than it is during normal vision and it is required to accurately play certain 
games.  The researchers took 120 participants, gave them a video game questionnaire, and had 
participants perform unmanned vehicle route planning and execution tasks.  The researchers 
found significant correlations between video game experience and spatial ability scores, both 
psychometrically and as shown through the unmanned vehicle task (Schuster et al., 2008).  
Cherney (2008) also found similar results using mental rotation questionnaires.   
Next, Rosenberg et al. (2005) identified that video game experience as correlated with in-
creased visuomotor skills in novice surgeons.  An additional, correlational study was performed 
in which 33 medical residents and attending physicians who were participating in a laparoscopic 
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training program were also assessed for video game experience and participants with more than 3 
hours per week video game experience performed 24% faster and had a 26% better overall score 
on the laparoscopic training program (Rosser, et al. (2007).  Additionally, Fery and Ponserre 
(2001) matched 62 right-handed male non-golf playing participants for mental imagery ability 
and assigned participants to an experimental or control condition to learn golf skills.  All partici-
pants were pre and post tested on a putting green.  The study showed that those who were trained 
in the video game showed significant improvement from pre to post test in putting skill.     
   
Possible Self Selection Bias of Video Action gamers 
 
 Some methodological issues exist between studies that compare non-action gamers and 
expert action gamers.  For example, individuals who do not play AVGs may refuse to do so be-
cause they lack the capacity for the spatial, visual, and attentional skills that are required action 
games and thus study results may represent differences in skill capacities instead of video game 
play (Spence & Feng, 2010).  Boot, Blakely, & Simons (2011) also suggests other factors may 
exist between self-selection of gamers and attentional abilities.  Erikson, et al. (2010) explored 
one such self-selection bias.  The researchers wanted to look at reasons why both confirmatory 
and discouraging results exist in the field of video game skill transfer and the researchers inves-
tigated whether the performance differences of the Space Fortress game could be established 
based on a neuroanatomical analysis instead of amounts of game play. In a sample, size of 42 
non video game player participants the researchers discovered that the volume specific brain are-
as can predict performance, such as the striatum.  The researchers stated that this brain area is 
related to cognitive flexibility and procedural learning (Erikson et al., 2010).  These results sug-
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gest that certain neurological differences, such as the striatal volume may cause some people to 
do better than another on AVGs and on other complex tasks and not the direct result of game 
play.   
 
Evidence Against Action Games 
 
Although, as stated earlier, many studies have found significant differences using AVGs, 
many other studies have found no differences or low effect sizes when comparing AVG players 
with non-players, however, these studies are seen much more rarely since non-statistically signif-
icant research often is not published.  Rosenthal (1979) called this problem the “file drawer prob-
lem” and suggests that only small subsets of all articles on a subject are actually published.  
Therefore, the research community may be receiving a biased argument by only seeing signifi-
cant studies.  
 
Psychometric evidence against action games. 
 
Murphy and Spencer (2009) tried to replicate the findings of Green and Bavelier (2003)’s 
study.  The researchers tested 75 male participants between the age of 17 and 25 years.  Those in 
the AVG group had higher scores on several tasks including an attentional blink task, a UFOV 
task, and an intentional blindness task. Unlike the findings of Green and Bavelier, which showed 
significant differences between groups, Murphy and Spencer, did not have the same findings.  
AVG players only performed better on the shortest intervals of the attentional blink task and they 
failed to find significant effects on the other intervals, which may not be a realistic difference.    
Boot, et al. (2010) investigated whether strategy differences in Space Fortress game play 
would affect skill transfer to other tasks. Forty-two participants’ who reported playing less than 3 
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hours of video game experience per week in the last two years were recruited.  The researchers 
had participants use one of two different strategies, in the first strategy the entire task was em-
phasized whereas the other strategy utilized different blocks of trials, which were designed to 
emphasize different aspects of the game.  The latter group mastered the game quicker and had a 
higher performance rate than the former strategy.  Both groups were given 20 hours of training 
on Space Fortress and then tested on several cognitive tests (attentional task switching, attention-
al blink, Sternberg memory test, N-Back, Flanker, dual task manual tracking, and others) along 
with a flight simulator and radar-monitoring task.  Participants’ only showed skill transfer in the 
second strategy and only to those tasks similar to the Space Fortress game such as manual con-
trol and memory tasks.  The researchers expected to see increases in the Flanker, task switching, 
N-back, and attentional blink tests if the Space Fortress training improved attentional capacity or 
allocation, which were not seen in the data set (Boot et al., 2010).    
Another study Stern, et al. (2011) also tested the Space Fortress game by giving  60 cog-
nitively healthy older adults 36 one hour training sessions over three months with pre, during and 
post cognitive testing (WAIS-III cognitive subtests, trail making test, Stroop, California Verbal 
Learning test, Flanker task, attentional set-switching task and others).  The researchers found on-
ly limited support that the Space Fortress game play transferred skill to the cognitive measures 
given and did not show that the changes were sustained three months after cessation of the exper-
iment.  The researchers also suggested that the older adults spent more time trying to adapt to the 
frictionless control of the space ship in the game which could have minimized some skill gain 
and transfer with was supported by other researchers (Blumen, Gopher, Steinerman, & Stern 
2010; Stern et al., 2011).   
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Physiological evidence against action games. 
 
Bailey, West, and Anderson (2010) recruited 51 male participants between the ages of 
18-33 years who were divided into groups of high and low play based on a screening survey.  
Participants were then given a Stroop color word test while their performance data was analyzed 
using a neurological analysis.  The researchers discovered that their measures of cognitive con-
trol were affected by game experience, however, higher AVG experienced participants were un-
able to maintain proactive cognitive control, and the researchers’ data does not support the hy-
pothesis that the higher AVG experience is positively related to the ability to overcome interfer-
ence with distracters. 
  
Real world evidence against action games. 
 
Although there has been a lot of psychometric and physiological research on video 
games, there is little research in the literature that has examined differences on real world tasks 
and some of the research that has been conducted failed to find significant effects (Durlach et al., 
2009).  With a lack of findings, more research is needed to determine if the performance differ-
ences shown in lab tests really do transfer to real world tasks.  In some experimental results, 
AVG benefits were only seen in extreme cases or difficulties; therefore, differences may disap-
pear at lower difficulty levels often seen in real world tasks whereas the controlled conditions of 
the laboratory allow for the levels of difficulty needed to show differences (Green & Bavelier, 
2006).  Durlach et al., (2009) trained participants for 10 days on either an AVG or a non-AVG 
game.  The researchers were unable to find any significant differences between AVG players and 
non-players during a military monitoring task for change detection although they were able to on 
34 
 
psychometric tests of change detection.  Therefore, the skills did not transfer to the real life task.  
However, gender differences between groups may have accounted for that finding since there 
were an unequal number of males and female participants.  Jäncke and Klimmt (2011) found that 
although in computerized tests of attention those with higher video game experience scored sig-
nificantly higher, this skill did not transfer to a driving simulator and as such may create a per-
formance bias on computerized tests, without actually improving driving skills. 
 
Issues with Previous Action Game Studies 
 
 Boot, et al. (2011) suggests that if gamers are informed that they were recruited based on 
expertise with AVGs it may influence them to perform better than the non-experts.  The demand 
characteristics of the task may motivate expert gamers to perform better than the non-experts.  
The authors recommend using a covert recruitment including prescreening well in advance of the 
study or screening after for AVG experience.  Secondly, Boot, et al. (2011) suggests the training 
studies such as Green and Bavelier (2003; 2006) and Li et al., (2009) may also be flawed since 
participants know that the gaming may make a difference and thus a placebo or illusory correla-
tion effect may occur.  Ozdamli, Bicen, & Demirok (2011) surveyed 4,823 high school students 
and found that they commonly thought that video games improved both visuomotor skills, and 
spatial abilities. 
 
Additionally, Boot, et al. (2011) found that fast-paced games may cause better perfor-
mance on similarly fast-paced tasks, and puzzle games may cause increases on mental rotation 
tests, similar to a placebo effect, based on the fact the participants might think that the games 
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may improve skills. Therefore, the control conditions used in AVG studies of Tetris may also 
cause placebo effects.  Covert techniques or asking participants a debriefing questionnaire about 
the task may be needed to control for these effects. 
  
Current Study 
 
In light of these contradictory findings of both support and lack thereof for the effects of 
action video game experience on both laboratory tests and skill transfer to real world tasks and 
the criticisms of research findings, there is a need to replicate and expand on current research 
findings using an improved methodological approach.  The current study looks at the effects of 
AVG experience in a correlational research design.  The study utilized deception in participant 
recruitment by masking the video game experience questionnaire as an extension of the motion 
history questionnaire used in the study.  Participants were told that experiences with certain 
games were related to motion and simulator sickness, and therefore their recent playing history 
was necessary to understand their risk for simulator sickness.  Participants were only told of the 
truth during debriefing.  This was to overcome research criticism from Boot, Kramer, Simons, 
Fabiani, & Gratton (2008) and Boot et al. (2011). 
 
Hypotheses. 
 
The main hypothesis studied in this experiment is whether AVG experience improves re-
sistance to phone-induced distractions while driving.  It is also expected that the phone conversa-
tion will cause higher reported workload and a higher number of lane deviations in all partici-
pants.  If the skills gained by playing AVGs then participants with higher, AVG experience will 
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show weaker effects of distraction than those with no or low AVG experience.  In other words, 
there will be an interaction between AVG experience and distraction.  In addition, higher AVG 
experience should also have a lower score on the CFQ since it measures failures of attention.  
These findings would be consistent with the hypothesis that AVG players can allocate attentional 
resources more efficiently than non-players can.   It is further expected that those with higher 
AVG experience will also perform better on the spatial ability measures since they are similar to 
the psychometric tests completed by previous researchers.   
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CHAPTER THREE: METHODOLOGY 
 
 
Participants 
 
Table 1: Descriptive statistics of participants 
Participants         Number M SD 
N 44 
  Age (years) 18-32 20.22 3.16 
Driving Experience (Years) 1-15 4.16 3.00 
Miles per Year 600-20,000 16,762 3,096 
Number of Accidents over the last year 0-1 0.136 0.345 
Wireless Phone Use (years) 3-17 7 2.58 
Wireless Phone Owners (%) 100 
  Phone Use while Driving (%) 77.8 
  Confidence During Phone use and driving (%) 74 
  Video Game Experience -Last 6 Months (Hours) 0-70 11.04 13.78 
Action Game Experience- Last 6 Months (Hours) 0-70 5.84 11.36 
Action Game Preference (%) 92 
   
All participants were recruited at a southeastern university and had the option to receive 
course credit for participating in the study.  Participants completed an online screening survey 
prior to coming into the lab.  They were only selected to participate in the lab portion if they rat-
ed as a low risk for simulator sickness as defined by a SSQ score of lower than two moderate 
responses, or one severe response, had a valid driver’s license, and reported no impairments to 
vision, sensory, or perceptual systems.  The participants were also screened upon arriving at the 
lab and were only allowed to participate if they had normal or corrected to normal visual acuity 
(better than 20/40), color vision (passed color vision testing), and contrast sensitivity.  Fifty male 
participants participated in both the online and in lab portion of the experiment.  Five participants 
did not finish the in lab portion either due to technical difficulties with the simulator or due to 
withdrawing for simulator sickness, and 1 participants was removed from the analysis for being 
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outside of 3 standard deviations for game experience, which left 44 participants for data analysis.  
The participants’ ages ranged from 18-32 years with a mean age of 20.22 years and a standard 
deviation of 3.16 years.  Participants’ driving experience ranged from 1-15 years, with a mean of 
4.16 years of driving experience and a mean of 16,762 miles driven per year.  Furthermore, all 
participants stated they had no more than one accident and no more than two tickets within the 
last year.  Participants’ wireless phone use ranged between 3-17 years with a mean use of 7 years 
and a standard deviation of 2.58 years.  Additionally, 77.8% of participants’ self-reported that 
they talk on the phone regularly while driving and 100% reported owning a mobile phone. 
Moreover, 74% of participants reported being confident in their skills of talking on the phone 
while driving.        
 Overall video game experience ranged from 0-70 hours of play per week within the last 
6 months with a mean experience of 11.04 hours per week and standard deviation of 13.78 hours 
per week.  AVG experience had a mean experience of 5.84 hours per week and a standard devia-
tion of 11.36 hours per week over the last 6 months.  Finally, 92% of participants rated their 
preference for action video games as at least a 4 on a 1-7 scale with 1 listed as strongly avoid and 
7 as strongly prefer.  None of the participants’ reported knowing the true nature of the experi-
ment and all listed that the experiment was testing participants’ ability to drive and converse on a 
wireless phone. 
 
Design 
 
Due to the differences in spatial abilities between the sexes, only males were recruited for 
this study (Spence & Feng, 2010).  The study was a mixed repeated measures design, which 
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compared the amount of Action Video Game (AVG) experience (between subjects) on the pres-
ence of a distracter phone condition (Within subjects).  The participants were asked to drive 
through a simulated environment while obeying all traffic rules.  During the drive, lane devia-
tions were recorded and analyzed.  Lane deviations were defined as anytime a participant 
crossed the lane dividers without signaling or without reason.    Lane deviations were rated from 
video recordings of the participants’ drive by two raters who were trained In order to have an 
inter-rater reliability of over 90%.  Subjective measures of performance included participants’ 
self-reported workload (NASA-TLX) (Hart & Staveland, 1988).  During the distraction condi-
tion, the participants were asked questions of varying difficulty.  Question difficulty was based 
on how much cognitive resources the participant must use to answer them as self-reported by 
participants in a pilot study before the current study was run.  This was done to ensure that all of 
the participants get questions with a similar level of difficulty and that they achieved at-least a 
moderate difficulty rating.  The pilot study was conducted as an online questionnaire given at a 
southeastern university. A master list of 50 questions were given to 60 undergraduate students 
and rated on a seven point Likert type scale.  Questions used in the study were restricted to 
those, which scored at least a four on the rating scale.  The target questions were all are open-
ended questions that might be asked in an introductory conversation. 
 
 Materials 
  
The screening tools in this study included several questionnaires.  The Driving Habits 
Questionnaire (DHQ), Motion History Questionnaire (MHQ), Simulator Sickness Questionnaire 
(SSQ), Demographic Questionnaire (DQ), Phone Habits Questionnaire (PHQ), Video Game Ex-
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perience Questionnaire (VGQ), Adult ADHD Response Survey (ASRS) developed by Adler, 
Kessler, & Spencer (2003) and a battery of vision tests given on an Optec vision screener (Snel-
len far acuity, contrast sensitivity, and Ishihara color blindness test).  Both the MHQ and the 
SSQ surveys were developed by Kennedy and associates as a measure to reduce the risk of simu-
lator sickness (Kennedy, Fowlkes, Berbaum, & Lilienthal, 1992; Kennedy, Lane, Berbaum, & 
Lilienthal, 1993).  The DHQ used in this study was developed by Owsley, Stalvey, Wells, & 
Sloane (1999) and will be modified for use in this study.  NASA developed the NASA-TLX as a 
subjective questionnaire of workload (Hart, 2006).   
 
A GE I-SIM PatrolSim Mark-II+ high fidelity driving simulator was used in this study.  
The simulator has three projector screens.  One screen is directly in front of the participant and 
two screens are on either side to create a 180-degree field view at a resolution of 1280x1024 pix-
els.  Driving scenarios are presented on the three screens using three separate projectors (one for 
each screen).  These screens all have the same dimensions (122cm Height x 107cm Length).  The 
driver’s seat is on a variable length track that the drivers can adjust for comfort.  Due to the vari-
ability of seat position, the participants are located 140-160cm away from the projector screens.  
The vertical visual angles measure 44.58° (main screen) and 48.93° (side screens).  The horizon-
tal visual angles measure 39.25° (main screen) and 43.53° (side screens).  The overall horizontal 
visual angle of all three screens is approximately 126.32°.   
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Figure 1: The ISIM driving simulator with screen size shown 
 
 
Figure 2: A close up of the ISIM steering wheel  
 
This simulator is a replica of a 1990’s style automatic transmission Ford Crown Victoria 
including the instruments, dashboard, steering wheel, driver’s seat, and pedals.  The driving sim-
ulator used in this study has been found to be both reliable and valid as a substitute for in-vivo 
studies of driving.  Situations from police crash reports were recreated in the simulator environ-
ment and these results positively correlated with the accident data.  Thus, the simulator was 
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shown to be both reliable and valid in representing a realistic driving environment (Dos Santos, 
2007).  
 
Figure 3 Example of a participant driving in the simulator 
 
Questionnaires. 
 
 Given in Online Prescreen 
 
 DHQ (Driving Habits Questionnaire) 
o This questionnaire asked participants to list their driving habits and experience.   
 
 CFQ (Cognitive Failures Questionnaire) 
o Describes lapses in every day attention and higher attentional failures are related 
to driving errors (Broadbent, Cooper, FitzGerald, & Parkes, 1982). 
 
 MHQ (Motion History Questionnaire) 
o Participants listed their experience in situations that are known for causing motion 
sickness in this questionnaire.  This questionnaire has been tested as valid for es-
timating a participant’s susceptibility to motion and or simulator sickness (Ken-
nedy et al., 1992).  This was given online to rule out risk for sickness.  Partici-
pants who rate a high risk for sickness were not chosen to participate in this study.   
 
 DQ  (Demographic Questionnaire) 
o Participants list demographic information in this questionnaire. 
 
 PHQ  (Phone-Habits Questionnaire) 
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o Participants list their experience using various mobile phone types and their de-
mographic information in this questionnaire.  This will be completed during the 
prescreening online. 
 
 VGQ  (Video Game Experience Questionnaire) 
o Participants list their experience with various video games in this questionnaire.  
This will be completed during the prescreening online. 
o Participants were told that this questionnaire was an extension of the motion his-
tory questionnaire and that video game experience was related to likeliness of be-
coming sick in the simulator.  This questionnaire was portrayed this way to ensure 
that the participants’ would not know the true nature of the experiment prior to 
participation.  Boot et al. (2011) noted that many prior AVG studies may have ar-
tificially inflated results by not hiding this fact from participants.  
 
 ASRS-1.1 (Adult Symptom Response Survey) 
o This is used to screen out ADHD participants (Adler, Kessler, & Spencer, 2003). 
o Simulated environments have been used as treatments for ADHD, individuals 
who have been diagnosed with the condition may be more likely to play video 
games, and this population typically has lower driving performance (Michaelis, 
2011).  
 
Given in Lab Session 
 
 SSQ (Simulator Sickness Questionnaire) 
o The SSQ is a checklist of 31 symptoms that are subjectively rated on a four point 
Likert-type scale.  High ratings on this questionnaire have been correlated with 
increased risk of Motion and/or Simulator sickness (Kennedy et al, 1991).  This is 
given immediately before exposure in the simulator (Kennedy, et al., 1993).  
 
 Optec Vision Screener Questionnaire 
o The researcher filled out this questionnaire during the vision screening.  It had 
spaces for Snellen far acuity, Ishihara color blindness test, and contrast sensitivity 
functions.  
 
 PFT (Paper Folding Test) 
o This task showed the participants a folded piece of paper with a hole punched into 
it and the participants had a list of five choices that represent the unfolded piece 
of paper and they are asked to select the correct one (Carroll, 1993). 
 
 SO (Spatial Orientation Test) 
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o This test loads on SO and required participants to determine if a reference figure 
is the same or different from a target figure when it is rotated (Fincanon, Evans, 
Jentsch, & Keebler, 2008).   
 
 NASA-TLX 
o This is the NASA Task Load Index.  This questionnaire was developed by NASA 
to evaluate subjective workloads (Hart & Staveland, 1988). 
 
 Recall (Conversation) 
o This questionnaire was used to ensure that participants’ paid attention to the ques-
tions during the second drive of the study.  Participants listed the questions that 
they remembered from the distraction drive. 
 
 
Figure 4: Optec vision screener 
 
Spatial abilities. 
 
Morgan and Hancock (2009) explained that during a typical drive the average driver has 
to navigate around the environment while avoiding children, other pedestrians, and obstacles that 
may be in the driver’s path, which requires many feats of estimation, precision control, and 
quickly shifting attention to important events.  Having higher spatial abilities makes the process 
of making those complex estimations much easier (Leibowitz & Post, 1982; Morgan & Hancock, 
2009).  Two types of spatial skills especially helpful for these tasks are Spatial Orientation (SO) 
and Visualization (SV).  Both skills require the use of short-term visual memory. SO is our abil-
ity to perceive patterns, define and maintain our own orientation relative to the space around us 
(Ekstrom, French, Harman, & Dermen, 1976).  This skill also helps us from being disorientated 
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by changing orientations of spatial information.  This skill does not solely require mentally rotat-
ing objects, only our perspective of the environment relative to the object (McGee, 1979).  This 
skill is helpful for tasks that require a sense of direction such as finding one’s way around a city 
and reading maps (or GPS).  SV is ones’ ability to mentally manipulate both 2-D and 3-D objects 
(Ekstrom et al., 1976; Kaufman, 2007; McGee, 1979).  An individual can use these skills to con-
trol the vehicle, interact with the numerous other devices that we use every day while driving as 
well as locate, and discern the meaningfulness of the objects present in the visual scene around 
the vehicle (Kaufman, 2007; Leibowitz & Post, 1982; Morgan & Hancock, 2009).  This includes 
avoiding pedestrians, cars running red lights, and emergencies that may arise during driving.  
 
Nasa-tlx. 
 
 The NASA Task Load Index (Hart, 2006) has been used to measure subjective workload 
since it was developed over 20 years ago.  In a survey of 550 studies that have used this index, 
the scale was found to be reliable, impart low demand on the participant to complete, and sensi-
tive to measuring workload (Hart, 2006; Jerome, Ganey, Mouloua, & Hancock, 2002).  The 
questionnaire is a muti-dimensional rating scale based on six subscales (Mental Workload, Phys-
ical Workload, Temporal Workload, Subjective rating of performance, Effort and Frustration) 
that is rated from 0 to 100 (Hart, 2006).  This questionnaire asked the participant to rate several 
different factors that relate to their performance and is quick to administer (Hart, 2006). 
  
46 
 
Cognitive failures questionnaire. 
 
The Cognitive Failures Questionnaire (CFQ) was developed by Broadbent et al. (1982) is a 25-
item questionnaire that accesses the attentional failures in the areas of perception, memory, and 
motor function (Broadbent et al., 1982; Wallace, 2003).  Cognitive failures were defined as a 
mistake or failure to perform an action that should be within the normal capabilities of the indi-
vidual, or failures to maintain attentional capacity (Wallace and Vodanovich, 2003).  Wallace et 
al. (2002) completed a factor analysis from a total sample of 335 participants who completed the 
CFQ.  These researchers identified that the questions loaded on four factors, which were 
Memory, Distractibility, Blunders, and Names. The memory subscale consisted of eight items on 
the questionnaire related to memory errors (Items:  3, 6, 12, 13, 16, 17, 18, & 23).  The distracti-
bility subscale consisted of nine items (Items: 1, 2, 3, 4, 15, 19, 21, 22, & 25) which related to 
disturbances of attention.  The blunders subscale consisted of seven items (Items: 5, 8, 9, 10, 11, 
14, & 24) and related to poor motor control and social slips (Wallace et al., 2002).  The final 
subscale names had only two questions (7 & 20) and were related to failures to remember names.  
This four-factor solution for the CFQ has been rated as the best factor structure examined for the 
cognitive failures predicted by the CFQ (Wallace, 2004).  Larson and Merritt (1991) showed that 
higher scores on the CFQ (more cognitive failures) positively correlated with self-reports of at 
fault automobile crashes.  This indicates that drivers who commit more errors of attention may 
cause more crashes than those who do not commit as many failures.  Furthermore, the blunders 
factor predicted the most variance when the questionnaire was used to predict automobile crash-
es, which was significant when predicting work related accidents (Wallace & Vodanovich, 
2003).  These two studies indicate that this measure may hold value as a predictor of crash risk. 
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Procedure 
 
 Participants first completed several prescreening questionnaires online before participa-
tion in the study.  The online informed consent, DHQ, PHQ, MHQ, CFQ, DQ, ASRS, and VGQ 
were completed in the screening.  This process was completed online 3-5 days prior to arrival for 
their session and participants were emailed to sign up for a timeslot.  Upon arriving in the lab, 
every participant was given an informed consent document; next, participants were given the vi-
sion screening.  After the vision screening all participants were given six minutes to complete the 
PFT (3 minutes each part) as well as another six minutes to complete the Spatial Orientation test.  
These tests were counter balanced and summed to create a total spatial ability score.  Partici-
pants’ received a .25-point deduction of their score for any wrong answers and were told to be 
accurate as possible while completing the questionnaires.  The NASA-TLX was given as a base 
line after vision tests and again after the spatial ability questionnaires in order to give the partici-
pants additional experience completing the measure.  Before heading into the simulator, the par-
ticipants were given the SSQ.  This timing of the SSQ is used to ensure that the participants’ risk 
of sickness is assessed immediately before being exposed to the simulator. 
 
After completing the SSQ successfully, the participants were led into the simulator room.  
Once there, participants were asked to sit in the driving seat of the simulator and adjust the seat 
so they are comfortable.  All participants drove a 10-minute practice city drive to get used to the 
simulator.  Next, the participants received the non-distraction condition first followed by the dis-
traction condition, and finally an additional non-distraction condition.  All three drives after the 
practice were in a highway scenario.  Participants drove drives in total and all were 10 minutes in 
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length.  Participants were given a two-minute break between drives.  The NASA-TLX and recall 
questionnaires will be given immediately following all conditions and the SSQ will be adminis-
tered after each condition including the practice drive.  This is done to reduce the risk of sickness 
on the remaining drives.     
 
The non-distracted drives consisted of the participant driving for 10 minutes around the 
simulated driving environment in a highway scenario with light traffic.  The distraction condition 
required participants to complete a simulated hands-free wireless phone conversation along the 
drive.  Questions were prerecorded, randomized, and asked throughout the drive.  At the conclu-
sion of the drive, the participants were given a final SSQ and then the participant all were asked 
if they knew the true nature of the experiment and then giving a debriefing form prior to leaving.  
Participants who did not return to their baseline rating for the SSQ were be asked to stay an addi-
tional five minutes and retested until they were back to their baseline rating. 
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CHAPTER FOUR: RESULTS 
 
 
The video game experience measures were positively skewed therefore a log transfor-
mation was applied to the data in SPSS prior to analysis.  The transformation was applied in or-
der to normalize the data.   
 
Research Question 1 
 
It was hypothesized that the level of AVG experience would be positively related to the 
spatial ability and the CFQ scores.  The action video game experience scores were positively cor-
related to the spatial ability scores, r (42) = .389 p < .01, R
2
 =.152, supporting the hypothesis.  
Furthermore, the amount of action game play was not related to the scores on the CFQ. 
 
Table 2: The effects of AVG experience on the CFQ 
 Variable B SE B ß t 
Cognitive Failures Total Score 
    Memory Subscale -0.42 0.321 -0.364 -1.307 
Distractibility Subscale 0.412 0.363 0.348 1.136 
Blunders Subscale 0.24 0.359 0.146 0.669 
Name Subscale -0.6 0.5 -0.223 -1.201 
          
* P < .05; ** P <.001  
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Figure 5: Correlation between spatial ability scores & AVG experience 
 
Research Question 2 
 
 Participants remembered a mean of five questions on the conversation recall task, indicat-
ing that they paid attention to the questions during the drive.  A repeated measure one way 
ANOVA was used to determine if the participants had a higher level of self-reported workload 
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during the distraction condition as reported on the NASA-TLX.  The effect of distraction on 
workload was significant, F (2.17, 93.36) = 22.55, p<.001, R
2
 =.34.  Post hoc tests were com-
pleted using repeated measures dependent T tests utilizing a Bonferroni alpha adjustment.  The 
results showed that the second drive workload score (distraction condition) (M = 53.15, SD = 
17.48) was significantly higher than the baseline workload score (M = 36.35, SD = 17.38), the 
first drive score (M = 30.04, SD = 14.68), and the third drive workload score (M = 40.33, SD = 
15.84).  There were no differences in workload between the baseline drive, the first drive, and 
the third drive.  
 
An additional, repeated measure one way ANOVA was conducted in order to determine 
if the participants in the distraction condition had more lane deviations than in the control drives.  
Post hoc tests were completed using repeated measures dependent T tests utilizing a Bonferroni 
alpha adjustment.  The results showed that the first drive (M = 2.2, SD = 2.76) had significantly 
less lane deviations than the second drive (M = 3.66, SD = 4.60), but not the third drive (M = 2.4, 
SD = 2.96). 
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Figure 6: Mean workload per drive 
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Figure 7: Mean lane deviations per drive 
 
 
  
-2.00
0.00
2.00
4.00
6.00
8.00
10.00
L
a
n
e 
D
ev
ia
ti
o
n
s 
Drive Condition 
Drive 1                    Drive 2            Drive 3  
54 
 
Research Question 3 
 
 A hierarchical linear regression was used to determine if higher amounts of video game 
play per week is related to fewer lane deviations in the distraction condition.  The regression 
model was significant; the main effect of amount of action game experience per week was nega-
tively related to the amount of lane deviations, b = -2.58, T (43) =-2.841, p < .05, R
2
 =.116 for 
action game experience.   However, the interaction of action game experience and driving condi-
tions was not significant.  Additionally, the effect of action game play per week on the total 
amount of workload experienced in the study was also not significant. 
 
Table 3: The effects of action game experience on lane deviations 
 Variable B SE B ß t R
2
 
Action Video Game Experience  -2.58 0.908 -0.289 -2.841* 0.116 
Interaction -1.006 1.824 -0.098 -0.551 
             
* P < .05; ** P <.001  
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Figure 8: Regression of AVG experience on lane deviations 
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Research Question 4 
 
Since AVG play was significant for both spatial abilities and lane deviations, another hi-
erarchical linear regression was utilized to determine if individual differences in spatial abilities 
alone can explain the findings for lane deviations.  The findings were significant for the interac-
tion between drive condition and spatial abilities, b = -.175, T (43) =-3.974, p < .001, R
2
 =.187.  
However, the main effects for spatial ability was not significant, b = -.071, T (43) =-1.626, p > 
.05. 
 
Table 4: Spatial abilities and lane deviations 
 Variable B SE B ß t R
2
 
Spatial Abilities -0.071 0.044 -0.223 -1.626 
 Interaction -0.175 0.044 -0.58 -3.974** 0.187 
            
* P < .05; ** P <.001  
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Figure 9: Regression between spatial ability scores and lane deviations 
  
Drive 1: y = -0.0711x + 3.5325 
R² = 0.0967 
Drive 2: y = -0.1754x + 6.9345 
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CHAPTER FIVE: DISCUSSION 
 
Summary 
 
In summary, action video games (AVGs) are complex activities, like driving, which re-
quire many subordinate sensory tasks that include visual, cognitive, auditory, and manual (mo-
tor) aspects.  Furthermore, previous Action Video Game (AVG) research has been mixed show-
ing both significant and non-significant effects of game experience on research tasks.  Some re-
searchers suggest and have shown in both correlational and experimental studies that AVG expe-
rience makes substantial differences in both visual and cognitive systems.  Bavelier (2011) stated 
that playing action games will cause players to improve their vision, attentional resources, and 
situational awareness across all age ranges even if the players do not like playing them.  Addi-
tionally, the researcher states that these gamers should show improved divided attention skills 
such as completing a phone conversation task, monitoring the location of cars on the road as well 
as show improved performance on the lane maintenance task of keeping the car within the ap-
propriate lane boundaries.  Previous results show a relationship between game experience and 
skills related to driving. On the other hand, research has also shown that video game experience, 
specifically, action game experience makes people better only at playing video games (Boot et 
al., 2008).   Furthermore, those researchers found that the aforementioned skills do not transfer to 
other tasks such as driving. Additionally, if skill transfer is identified, it was shown to be a very 
narrow transfer, meaning it only affects tasks that are of high similarity to the games themselves 
(Boot, et al. 2010; Durlach et al., 2009; Murphy & Spencer 2009). 
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Explanation of the results 
 
The current study had both experimental and correlational elements; the experimental el-
ements consisted of a repeated measures driving distraction study.  All participants in the study 
were given a control drive, distraction drive, and followed up by another control drive.  From 
this standpoint, the results have the ability to replicate previous driving distraction studies where 
the results could show a causal relationship between the distraction and driving performance.  
Based on previous results, it was hypothesized that the conversation would significantly lower 
driving performance and increase workload on the drivers.  The results indicated that both the 
subjective reports of workload and the objective measures of lane deviations showed significance 
for distraction.  Participants reported significantly higher amounts of workload in the distraction 
condition than they did in the control drives.  In addition, participants had significantly more lane 
deviations in the distraction condition than the control conditions.  This hypothesis was support-
ed and the results replicated the findings that performing a phone conversation while driving will 
cause a decrement in driving performance due to an over allocation of attentional resources.  The 
addition of the verbal conversation to the driving task caused the level of cognitive workload to 
surpass the amount of available resources and thus caused the participants to limit the amount of 
attention given to the driving task (Caird et al., 2008; Horrey & Wickens, 2006; Strayer et al., 
2001; Strayer & Drews, 2007). 
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The correlational element of the study was the introduction of the video game experience 
measure, which was added in order to determine if a relationship exists between game experi-
ence and driving performance.  Participants who reported a higher level of video game experi-
ence also scored higher on the spatial ability tests.  Schuster, et al. (2008) showed positive corre-
lations between overall video game experience and spatial ability scores as well as increased per-
formance operating unmanned vehicles in a simulated environment.  However, as promising as 
these results may be they do not show a causal factor.  It may be that these results show that 
playing action video games or video games overall does not improve spatial abilities, but instead 
that those who like to play video games may have higher spatial abilities.  In other words, higher 
spatial abilities may be a trait of video gamers and not a cause of the abilities.  ESA (2010) stated 
that the most popular game category for 2010 was the action genre.  Ozdamli, et al. (2011) sur-
veyed 4,823 high school students and found that 47% respondents preferred playing action 
games, both forms of action games; therefore it is logical that participants who played more vid-
eo games in general also played action games.  Additionally, the participant’s spatial ability 
scores were more closely related to the driving measure of lane deviations than the video game 
measures were.  The results showed that the spatial ability measure significantly accounted for 
10.1% more variance than the action game measure did for lane deviations.  Moreover, the re-
gression model for action game experience was not significant over and above the spatial ability 
measure.  This indicates that the participants’ objective performance was more closely related to 
the spatial ability measure instead of the amount of video game play.  This supports the self-
selection hypothesis of video game players as referenced in Boot, et al. (2011); Erikson, et al. 
(2010); and Spence & Feng (2010). 
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The results further showed an interaction between the distraction drive and spatial ability 
for lane deviations, but not a main effect for spatial ability.  Lane deviations increased for those 
with lower spatial ability scores in the distraction condition, while those with higher spatial abil-
ity scores remained unchanged.  Maintaining lateral position within a lane is a spatial task.  Driv-
ers’ must direct attention to both knowing their own vehicle position and keep it from reaching 
the boundaries of the lane.  One possible explanation for the interaction, but not a main effect is 
that for those who score higher on spatial orientation and visualization skills, maintaining lane 
position is more of an automatic task.  Therefore, during the conversation those participants had 
resources to allocate to both the conversation and lane maintenance tasks and thus had higher 
dual task performance.   
 
Furthermore, there was a significant negative relationship between action game experi-
ence and lane deviations for all drives.  The results indicated that 11.2% of the variance is ex-
plained by the effect; however, although there was a main effect for game experience, there was 
not a significant interaction between game experience and driving condition.  This indicates that 
while those with higher game experience had fewer lane deviations across all drives they were 
just as distracted by the conversation as those with no or lower action game experience.  Addi-
tionally, the data showed non-significant findings on the cognitive failures questionnaire (CFQ) 
for both total score and all subscales of the test (Memory, Distractibility, Blunders, and Names).  
Past research has shown a positive relationship between this questionnaire and driving errors as 
well as failures of attention.  Lack of significance on these measures substantiates the results that 
participants’ with higher action game experience do not show improved attentional capacity or 
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the ability to better allocate their attention than non-players do.  It was hypothesized that players 
with more AVG experience would score significantly better on this questionnaire and that the 
data would show a significant interaction effect for AVG experience and drive condition on lane 
deviations which was not supported by the data.  Furthermore, it was hypothesized that partici-
pants with more action game experience would report a lower amount of workload in the distrac-
tion condition; the data also failed to support this finding.  The main effect for game experience 
indicates that those individuals with more experience playing video games were better at driving 
in the simulator.  The driving environment is a simulated environment; therefore, it has elements 
in common with a video game, which may have accounted for the improvement across all driv-
ing conditions.  
 
Limitations 
The study had the following limitations.  Some of the effect sizes yielded relatively 
smaller significant results than were expected from the review of the literature.  There are several 
possible reasons for this.  First, participants were asked to rate AVG experience for the last 6 
months.  However, due to the issues in measuring objective self-reported hours of play, the par-
ticipants’ responses may not represent their true number of game play hours.  Secondly, the 
mean ages of participants were 20.22 and only male participants were selected for this study, the 
results may be different for females or older age groups not studied in this study.  Finally, it may 
be that the hypothesis that AVG skills, although significant in simulated environments and labor-
atory tests, may not transfer to tasks outside of these domains.    
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Directions for Future Research 
 
Although this study’s findings support the research that action video games do not in-
crease players’ ability to better allocate attention or have an overall greater capacity of attention 
than non-players video games, it may still be able to play an important part in research.  Video 
games contain elements that people find engaging, motivating, and provide enjoyment (McGon-
agall, 2011).  These elements may be able to increase motivation, learning and adherence to 
training as suggested in McLaughlin et al. (2012), McKay and Maki (2010), & Kato (2010) when 
either games or game like elements are incorporated into traditional training techniques.  Young-
er and older adults are both populations that may benefit from such interventions.  Younger 
adults have accidents due to inexperience and older adults have crashes due to reductions in 
physical capabilities (Gentzler & Smither, 2012; Mayhew et al., 2002; Romoser & Fisher, 2009).  
Therefore, different training techniques would be needed for each population, however, both 
populations have rated video games favorably and attempts to create serious games that assist in 
the development driving skills shows promise (Backlund, Engström, & Johannesson, 2006; Oz-
damli et al., 2011; McLaughlin et al., 2012; Mckay & Maki, 2010). 
 
Additionally, future research can examine, to what extent the game experience measure is 
related to performance in simulated or virtual environments.  If so, video game experience may 
be useful as selection criteria or prerequisite for training in simulated environments.  Schuster, et 
al. (2008) demonstrated that increased game experience correlated with increased performance 
on a spatial task in a simulated environment.  This study showed similar findings since both 
higher spatial abilities scores were linked to better performance on a complex task that caused 
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participants’ cognitive resources to be taxed and those with higher game experience demonstrat-
ed better performance in the simulated environment. Future studies could tease apart these find-
ings.   
 
Future research will focus on the specific effect of spatial ability found in this study.  Par-
ticipants were not specifically recruited for spatial ability or trained to have improved spatial 
abilities.  One specific future study could follow up on determining how higher spatial ability 
skills affect cognitive resources while performing spatial tasks.  Another study could examine the 
correlation between spatial abilities and gaming habits.  Spatial abilities not gaming experience 
improved resistance to distraction during the driving task.  Another question to research in future 
studies is does spatial abilities explain some of the results found in other studies.   
 
Finally, McGonigal (2011) stated that a game should always push the player to the edge 
of his or her skill level.  This can be accomplished by creating an adaptive environment, which 
constantly challenges the player.  However, games also include elements that encourage pro-
longed play and players often would rather continue playing the game than reach the end of that 
game.  The elements that are used to increase playtime include large open-ended sections that 
have few clues to direct players to the next part of the game and objects that are used to in-
creased immersion such as decorative objects that allow for player interaction.  These elements 
create ambiguous situations where the player has to learn the rules and the feedback system of 
the game (McGonigal, 2011).  These elements may increase overall playtime of the game, how-
ever, during these times, the player is not being tested, challenged, and they are not utilizing any 
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visual or cognitive skills that action games require (Green & Bavelier, 2003).  Furthermore, 
when researchers bring video gamers into the lab for correlational studies, players are commonly 
asked how many hours per week do that individual play action games.  However, if that player 
answers 18 hours per week and then spends 15 hours learning how to play the game or exploring 
the game environment and only 3 hours actually playing the game at his or her skill level, his or 
her experience playing the game should only be rated at 3 hours.  This may be an extreme case 
however; it poses a possible confounding variable for correlational game research.  Moreover, 
this issue may be seen in correlational studies, but not in training studies since the players’ expe-
riences would be controlled in lab settings, where, correlational studies rely on self-reports or 
experience.  Therefore, this issue may be addressed in future correlational studies by asking par-
ticipants both how much experience does that player have playing games, but also to break that 
experience down into experience playing competitively and experience spent in game overall.   
 
Conclusions 
 
The findings of this study have the following theoretical implications.  Primarily, it adds 
support to the idea that skills garnered from playing action video games do not transfer to tasks, 
which are dissimilar to the action games, such as performing complex tasks in the presence of 
distractions.  The degree to which training is similar to the task being trained identifies how like-
ly the training will transfer to task improvements.  Training on one task is not likely to transfer to 
a completely different task (Boot et al., 2011; Yamnill & McLean, 2001).  The skills gained 
through action game play may improve game-like tasks, or some psychometric tasks, but not 
tasks that are unrelated (Boot, 2008; Durlach et al., 2009; Green & Bavelier 2003; 2007; 2010).  
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The findings of this study also have practical applications.  The results found that 92% of partic-
ipants stated a preference for action video games.  This finding supported McKay & Maki (2010) 
and McLaughlin (2012) research statements.  Elements from video games may improve training 
due to their ability to increase interest and motivation toward training and not for their ability to 
transfer skills. 
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APPENDIX B: SIMULATOR QUESTIONS 
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1. Tell me about one of your favorite childhood memories. 
2. If you had one million dollars, how would you spend it? 
3. If you can go back and change one thing in your life what would it be? 
4. What would your dream house look like? 
5. What is the most fun you have had in the last year? 
6. Tell me about the most interesting place you have ever been? 
7. What was the last movie that you saw in a theater? 
8. Tell me about a time that you went somewhere you have never been before? 
9. What did you do last Tuesday? 
10. If you could have any job, what would it be? 
11. What are three things you could not live without and why? 
12. If you only had 24 hours to live what would you do? 
13. What is the 20th letter in the Alphabet? 
14. Where would you most like to visit and why? 
15. If you were stranded on a desert island, what three items would you bring with you and 
why? 
16. Please recite the Alphabet backwards (Z-A) 
17. Can money buy happiness, why? 
18. If you had to move to another state where would it be and why? 
19. Give me directions from your current location to the student union building? 
20. List the last five presidents of the U.S.A? 
21. List the last five vice presidents of the United States? 
22. What are you doing to do with your degree when you graduate? 
23. If you were to be remembered for one thing, what would you like it to be? 
24. If you were invisible for a day, what would you do? 
25. If the whole world were listening what would you say? 
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APPENDIX C: VIDEO GAME EXPEREINCE QUESTIONNAIRE 
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Research has shown that Video Game experience is related to motion sickness and some games 
are closer related more than others to this construct are.  In addition to the previous questions 
about your motion history, we would like to know about your experience playing video games in 
order to fully understand your risk of sickness during the experiment.  Please answer the ques-
tions below and for each question select the appropriate choice, which most accurately describes 
your experience.  Answer questions independently in the order that they appear.  Do not skip 
questions or return to a previous question to change your answer.   
 
 
Do you play? 
 Yes No 
Video Games on a Computer     
Video Games on a Console 
(Xbox, PlayStation, Nintendo, 
etc...) 
    
 
 
How many hours per week do you play video games on average in the last 6 months? (Enter the 
closest whole number) _________ 
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How much do you prefer to play the following types of games? (You may select multiple an-
swers.) 
 Very 
Strongly 
Avoid 
Strongly 
Avoid 
Avoid Indifferent Prefer Strongly 
Prefer 
Very 
Strongly 
Prefer 
Puzzle games (e.g. 
Minesweeper, 
Tetris) 
              
Adventure Games 
(e.g. Myst) 
              
Real-time strategy 
games (e.g. Com-
mand and Con-
quer, Starcraft) 
              
Driving games 
non/semi realistic 
(e.g. Need for 
Speed, Burnout, 
GTA) 
              
Driving Sims Real-
istic (e.g. Grand 
Turismo, Dirt, oth-
er realistic driving 
games) 
              
Non-Driving Sim-
ulations (e.g. 
Flight SIM, Sims 
              
        
First-person shoot-
ers (e.g. Counter-
Strike, Call of Du-
ty, Halo) 
              
Massively multi-
player online role-
playing 
games(MMORPG) 
(e.g. World of 
Warcraft, Star 
Wars Galaxy) 
              
Fighting (e.g. 
Street Fighter, 
              
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Mortal Kombat) 
Sports (e.g. Mad-
den, NBA, NHL) 
              
Social networking 
games (e.g. Face-
book/Myspace 
games, Farmville 
Mafia Wars) 
              
Other Action 
Games (Assasins 
Creed, Gears of 
War, Resident Evil 
) 
              
Music (Rockband, 
Guitar hero) 
              
Other ________               
Other ________               
Role-Playing 
Games (Final Fan-
tasy...) 
              
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How much do you play the following types of games? 
 Please List the Average hours that 
you play per week (closest whole 
number) for each type of game 
listed below 
Please list your Expertise with each 
game genre with 1 being very low 
expertise and 5 being very high ex-
pertise 
Puzzle games (e.g. Mine-
sweeper, Tetris) 
  
Adventure Games (Myst 
etc...) 
  
Real-time strategy games (e.g. 
Command and Conquer, 
Starcraft) 
  
Driving games non/semi real-
istic (e.g. Need for Speed, 
Burnout, GTA) 
  
Driving Sims Realistic (e.g. 
Grand Turismo, Dirt, other 
realistic driving games) 
  
Non-Driving Simulations ( 
MS Flight SIM, Sims) 
  
Aggressive games (e.g. Grand 
Theft Auto, Saints Row) 
  
Action Video Games: (Fall-
out, Halo, Call of Duty, As-
sassins Creed, Splinter Cell, 
Gears of War, Resident Evil, 
BioShock, Mass Effect. Most 
First and third person shooters 
generally qualify as action 
games) 
  
Massively multiplayer online 
role-playing 
games(MMORPG) (e.g. 
World of Warcraft, Star Wars 
Galaxy) 
  
Fighting (Street Fighter, Mor-
tal Kombat, Soul Caliber) 
  
Sports (Madden, NBA, NHL)  
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Social networking games (Fa-
cebook/Myspace games, 
Farmville Mafia Wars) 
  
Music (Rockband, Guitar he-
ro, Amplitude, etc...) 
  
Other ___________  
 
Other ___________  
 
Other ___________  
 
Role-Playing Games (Final 
Fantasy, Lost Odyssey, Eter-
nal Sonata...) 
  
 
What six video games have you played the most in the last 3 months? (If you have not played at 
least 6 games, you may list fewer, just put NA in the remaining fields) 
Game 1 __________________ 
Game 2 __________________ 
Game 3 __________________ 
Game 4 __________________ 
Game 5 __________________ 
Game 6 __________________ 
 
 
What six video games have you played the most in the last 3-6 months? (If you have not played 
at least 6 games, you may list fewer, just put NA in the remaining fields) 
Game 1 __________________ 
Game 2 __________________ 
Game 3 __________________ 
Game 4 __________________ 
Game 5 __________________ 
Game 6 __________________ 
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